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Introduction
All surgeries come with an attendant risk of infection, glaucoma filtration surgery being no exception. Literature cites the follow up adjusted incidence (number of events per patient-year) of bleb related infection (BRI) lying in the range of 0.4%-6.9% with a follow up ranging from 1.7 years to .8.5 years. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] While more recent papers are reporting significantly lower incidence rates of BRI, they are still significantly higher than the reported incidence of acute postoperative endophthalmitis after other types of intraocular surgery.
In general, BRI after glaucoma filtering surgery can be divided into localized blebitis and bleb related endophthalmitis (BRE); BRE being a potentially devastating sight-threatening condition with poor visual prognosis. The current premise is that blebitis precedes and leads to BRE if left untreated. While nearly all studies agree that diabetes, inferior bleb position, bleb leak and bleb manipulation are strong risk factors for BRI, dispute exists over others, such as age and gender. 6, 8, 9, [11] [12] [13] It is therefore pertinent that our study examines the risk factors in our population and their impact on the development of BRI.
Correspondence: shamira a Perera singapore national eye Centre, 11 
2304

Yap et al
Intraoperative use of anti-fibrotic agents mitomycin C (MMC) and 5-fluorouracil (5-FU) is becoming standard adjunctive therapy globally, as they reduce scarring and failure rates. 4 Unfortunately, their use is associated with spontaneous bleb leaks and thus also BRI; with some large scale studies estimating a worrying 5-year complication risk of up to 23%. 1, 14 At the Singapore National Eye Centre, all trabeculectomies are performed with adjunctive anti-fibrotic agents, MMC being the preferred choice. Rates of BRE after using MMC have been reported at 1.1%-3.2%. 2, 4, 15, 16 While Mochizuki et al's study demonstrated similar BRI rates of 1.3% and 1.1% with 5-FU and MMC, respectively. 4 However, studies have not been able to demonstrate if either anti-fibrotic confers a greater risk for BRI. 6, 16, 17 Previous reviews have mostly focused on BRE [17] [18] [19] [20] and largely overlooked blebitis, with the last review adequately discussing both BRIs published more than 5 years ago. 21 Our study compares demographic, ocular, systemic and microbiological characteristics of eyes with BRI and BRE.
Materials and methods
Approval from the Centralised Institutional Review Board of SingHealth was obtained and this retrospective, singlecenter study was conducted in adherence with the tenets of the Declaration of Helsinki. The review board did not require that written informed consent be obtained from the patients, as this was a retrospective study and all data was anonymous.
Patient notes were identified for review by the following means: (1) Patients who had been flagged as having BRE by our center's endophthalmitis audit from January 1996-July 2013; (2) post-trabeculectomy patients with a history of a conjunctival swab on the microbiology laboratory database from April 2004-July 2013; (3) patients who had been labeled as having BRI in the glaucoma department's internal audit, available from January 2006-July 2013.
All cases diagnosed by the treating glaucoma consultant as having blebitis or BRE, whether culture positive or negative, were included in the study. Blebitis was defined as anterior segment inflammation with mucopurulent material in or around the bleb, usually with anterior chamber cells but no hypopyon. If a hypopyon or any vitreous inflammation was present, it was categorized as BRE. 1, 2, 5, 16 Data recorded included baseline characteristics: demographic data, systemic disease(s), type of glaucoma, coexisting eye disease and previous eye surgeries. Surgical data: date of surgery and surgical procedure details (bleb location, forniceal-or limbal-based approach, use of anti-metabolites and timing of application, postoperative procedures and complications [eg, bleb leak, revision or manipulations]).
Visual acuity at presentation and after resolution of the infection, intraocular pressure (IOP) (throughout the infection period), treatment and functionality of the bleb after infection, and bleb morphology at presentation were also recorded.
Data on management of the infection included: time from onset of symptoms to presentation to the hospital, time before initial antibiotic treatment, type of antibiotic treatment, whether vitrectomy was performed, conjunctival swabs in all patients and vitreous culture results where applicable. In addition, the time from surgery until onset of the infection was analyzed.
Statistical analysis was performed using the statistical package IBM SPSS Statistics for Windows (Version 21.0; IBM Corp, Armonk, NY, USA). Differences between the 2 groups were examined using the independent sample Student's t-test for continuous variables and chi square tests for categorical variables. An appropriate Bonferroni correction (α/number of variables evaluated) was applied to correct for the number of variables that were evaluated.
Results
Baseline characteristics
Of the 39 patients identified as having BRIs, 29 patients had blebitis and 10 had BRE. The baseline characteristics of subjects are shown in Table 1 . The mean age ± standard deviation of all subjects (n=39) was 68.4±13.3 with 18 (46.2%) subjects also had a coexisting eye condition such as lid or corneal disease. Among the comorbidities examined, subjects with BRE were more likely to be diabetic (60% vs 27.6%) but this did not reach significance (P=0.12).
surgical procedure
Several factors relating to the trabeculectomy procedure were evaluated ( Table 2 ). Majority of the subjects had a superotemporal bleb (n=15, 38.5%) with a fornix-based scleral flap (n=14, 35.9%). 29 (74.4%) subjects had MMC 0.4% applied with 15 (38.5%) subjects having 2-3 minutes of application. A total of 14 (35.9%) subjects had concomitant cataract extraction with intraocular lens implantation. Bleb location, type of scleral flap, type of anti-metabolite used and its duration of application, and whether other associated procedures were performed were not found to be statistically significant.
Further, we compared the eye with trabeculectomy and subsequent BRI with the fellow eye that had also undergone trabeculectomy but without BRI (n=13) and found no statistically significant differences in the intraoperative procedures (Table 3) .
Postoperative events
7 (25%) blebitis subjects and 1 (11.1%) BRE subject underwent bleb manipulation or anti-metabolite injection, which was statistically insignificant (P=0.65). Postoperative complications in the form of bleb leaks were recorded more often in blebitis (n=6, 21.4%) than in BRE (n=0, 0%) (P=0.3). None of the blebitis subjects evolved to having BRE, nor did any of the BRE subjects suffer from prior blebitis. Table 4 shows the time between surgery and diagnosis of infection. Blebitis subjects presented later than BRE subjects (70.12 vs 26.75, P=0.038). There were no repeat infections in the same eye.
Factors related to blebitis/Bre
Other factors such as IOP, visual acuity, and bleb vascularity at presentation are shown in Table 4 . Subjects with BRE had a higher IOP on the day of presentation compared to those with blebitis (22.0 vs 8.9, P=0.011) and at days 2-7 (17.7 vs 11.0, P=0.002). BRE was associated with significantly poorer visual acuity compared to blebitis at presentation (1.73 vs 0.53), days 2-7 (2.21 vs 0.78), day 14 (1.97 vs 0.62) and at 1-month postinfection (1.51 vs 0.44) (P,0.001 for all values). 
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Conjunctival cultures were performed on all subjects and sent for gram stain and culture on aerobic, anaerobic and fungal media. 46.2% of the cultures yielded negative results. Streptococcus spp. were the most frequently isolated microbe (15.4%), followed by Haemophilus influenzae (12.8%) and coagulase-negative Staphylococcus (10.2%) ( Table 5) . Distribution was similar between BRE and blebitis subjects.
Discussion
Characteristics are similar in both groups even though the visual outcome and clinical course, in the form of IOP findings and bleb vascularity, can diverge significantly. Notably, none of the blebitis subjects progressed onto BRE, conceivably due to timely intervention.
The racial distribution of BRI in our study was similar to local population demographics. While numerous studies have shown a male preponderance in the BRI group, 1,17,22-24 most of these statistics have not reached significance. Our study concurs with this, with both groups being overrepresented by males (73.3% and 77.8%, P=0.71) ( Table 1) .
Most studies have been conducted in older populations with the average age of patients often being over 63. However, there is controversy over the degree of risk that age confers; some report a tendency for younger patients (,60 years of age) to develop BRI, 4,6,9,12,24 while others display a noticeably older distribution. 1, 16, 18, 25 Our study supports the latter trend with BRE subjects being on average 10.7 years older than the blebitis group (P=0.026). Older patients are conferred a higher risk possibly because of their relatively immunocompromised state. This itself may be mediated via more comorbidities such as diabetes, which causes delayed healing of spontaneous bleb leaks and hence an increased susceptibility to trans-conjunctival passage of microorganisms. 9, 17, 18 As in many other studies, the majority of our subjects had primary open angle glaucoma (n=28, 71.8%) with nearly half (n=18, 46.2%) having a coexisting eye condition. This reflects the underlying prevalence of this type of glaucoma among our trabeculectomy patients. 12, 19 Ocular conditions such as pigmentary glaucoma, juvenile glaucoma, nasolacrimal duct obstruction and ocular surface diseases have also been reported to increase the risk of BRIs but were not evaluated in our study. 1, 5, 11, 12, 19 Studies over the decades have shown that several patientand surgeon-related factors contribute to BRIs. Surgical practices such as limbal-based procedures produce higher, more avascular blebs, with a greater risk of infection. 22 The approach used at our center was divided equally based on the surgeon's choice and was not found to be significant in our study, concurring with the findings of the Collaborative Bleb-Related Infection Incidence and Treatment Study Group. 9 Inferior limbal trabeculectomy blebs are associated with a higher risk of infection 12, 16, 23 and this has shaped our current practice so that none were inferior trabeculectomies. The difference between superior nasally and superior temporally positioned blebs was not found to be significant (Tables 2 and 3) .
Adjunctive anti-fibrotic use commonly produces blebs exhibiting epithelial breakdown with goblet cell depletion. 26 This predisposes to thin walled, avascular blebs which lead to frank bleb leaks and have a decreased capacity for healing, possibly related to a limited blood supply causing ischemia. 6, [26] [27] [28] [29] Neither anti-fibrotic agent was found to confer a greater risk for BRI (Tables 2 and 3 ), which concurs with other studies. 5, 8, 12, 13 The duration of exposure to the antifibrotic agent was also not significant (P=0.73). Furthermore, comparison of eyes with blebitis and BRE showed that both MMC and 5-FU displayed an almost identical risk profile in either group (Table 3) .
A risk factor often implicated for BRI is multiple postoperative manipulations, although our study did not show this trend; possibly reflecting our relatively small sample size. 12, 16, 22, 28, 30, 31 Postoperative complications and manipulations did occur more often in our blebitis subjects than in BRE (21.4% vs 0%) but did not reach significance (Table 4) . Blebitis subjects presented with the infection much later post-trabeculectomy, at 70.1 months vs 26.8 months in BRE patients (P=0.038) ( Table 6 ). This may indicate that those with BRE have a more aggressive and acute clinical course or could be linked to the patients of an older age having a reduced ability to mount a robust immune response, hence the rapid progression to endophthalmitis. Whereas the younger blebitis subjects were able to suppress infection despite theoretically being at a higher risk and having more recorded instances of postoperative instrumentation. 
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Bleb related infections in an asian population Interestingly, we found a divergent course between the 2 BRIs regarding IOP. Preinfective IOP levels were similar between blebitis (12.8±3.2) and BRE (12.1±4.9). However, at presentation, mean IOPs in patients with blebitis dropped, while those with BRE almost doubled (8.9 mmHg vs 22.0 mmHg, P=0.011). The IOP in both groups stabilized by the second week posttreatment and closely resembled preinfective levels ( Table 7 ). The lower IOP in the blebitis eyes may stem from occult or frank bleb leaks and sweating blebs, which are thought to initiate events. 16, 17 Compared to blebitis, BRE has significantly greater inflammation which frequently extends into the vitreous cavity. 31 This may cause scarring of the bleb or trabeculitis and result in a higher IOP compared to blebitis.
At 6 months postinfection, patient with blebitis on average had visual acuity that was similar to preinfective levels 0.38 vs 0.48 (LogMAR acuity). Unfortunately, BRE patients did not fare as well, with preinfective vs 6-month postinfective readings of 0.61 vs 1.58, respectively.
Given the clinical course, it is expected that patients with BRE would have poorer visual acuity (Table 7) . Having a positive culture, which is more common in BRE, is also a significant risk factor for poor visual acuity. 31 Blebitis on the other hand is a limited infection, which normally responds well to intensive topical antibiotic treatment. Our results indicate that while the mean IOP eventually returns to preinfective levels in a timely manner, the inflammatory damage wrought on the eye in BRE renders visual rehabilitation slow and likely with permanent impairment.
Bleb height was not a significant risk factor for either infection, with a relatively even distribution between the groups (P=0.32). Perhaps counter-intuitively, we found the increasing vascularity of the bleb at the time of presentation conferred some risk toward developing BRE (P=0.002); subjects with blebitis were more likely to have an avascular bleb (75.9%) than patients with BRE who tended to have moderately vascular blebs (50.0%) ( Table 7) .
We postulate that while the poor blood supply in avascular blebs is compatible with the poor immune response to infection, it could also work in containing the infection for a period of time, slowing the intraocular progression of the infection. Unsurprisingly, given the greater severity of inflammation, BRE subjects were more likely to present with a purulent bleb than their blebitis counterparts (90.0% vs 20.7%, P,0.001). This suggests that pus is a harbinger of poor outcome and is a strong indicator of blebitis being an antecedent to BRE. 21, 29 The distribution of microorganisms encountered in our study was slightly different to others (Table 5) , which mostly implicate Streptococcus and Staphylococcus spp. in the US and East Asia, respectively. 9, 10, 18, 19, 25, 27, 30 Almost half of our patients with BRIs were culture negative. While a few studies have reported similar rates of negative cultures, 4, 18 the overwhelming majority have yielded larger numbers of culture positive subjects. 4, 13, 14, 24, 29 When positive, the vitreous and conjunctival cultures were correlated.
There are a few possibilities for this discrepancy: many of these studies utilized intraocular culture specimens, 3, 16, 30, 32 
2308
Yap et al whereas our subjects had conjunctival swabs sent for gram stain and culture on aerobic, anaerobic and fungal mediums, and only BRE patients who underwent vitrectomy had vitreous cultures taken. Additionally, the initial culture was often performed in the emergency department by junior residents, employing nonstandardized methods. The distribution of the causative microorganisms between the blebitis and BRE groups was very similar ( Table 5 ), implying that no particular microorganism had a greater propensity to cause BRE.
Limitations
As with most related studies, limitations include the small sample size and retrospective case design and inadvertent poor documentation. As a single center report, there may be an inherent bias in the surgical techniques employed and geographic variability of microorganisms. The acquisition of cultures was not always systematic, standardized or timely and differed from many other studies. Documentation in some areas was lacking -in particular, surgical details and specific descriptions of the bleb on presentation.
Unfortunately, the timing of antibiotic commencement was also poorly documented and not shown to be significant in our study. This knowledge could have strengthened our hypothesis that a delay in treatment would result in BRE. A prospective case control study in which more cases of infection would be collected could corroborate our current findings.
Conclusion
Our findings reinforced a previously identified risk factor -age; and suggested other risk factors, male gender and diabetes, may have some bearing though they did not reach significance. It would thus be prudent for clinicians to note particularly if patients have these risk factors, and adjust their management as necessary.
Our study also showed that there was no significant difference in the position of a superior bleb, anti-fibrotic agent used and time the anti-fibrotic agent was applied, hence clinician preference can be exercised without much concern.
Finally, with the strong suggestion that patients with blebitis often presented with a lower IOP, clinicians should be particularly vigilant about a bleb leak or sweating bleb. Similarly, clinicians must be attuned to the fact that BRE patients often present with a higher IOP and institute early and aggressive treatment where required. Despite the potentially devastating effects of BRE, timely and appropriate management can result in a good outcome.
